Laboratory has detected and quantitated duloxetine in 12 postmortem cases. The isolation of duloxetine from postmortem specimens consisted of a basic, liquid-liquid (n-butylchloride) extraction procedure. Duloxetine was detected in our general, pharmaceutical, basic drugs screen that utilizes gas chromatography-nitrogen-phosphorus detection (GC-NPD) and GC-mass spectrometry (MS), and the quantitation was specifically by GC-MS. Linearity was achieved from 0.05 to 3.0 mg/L with the limit of detection at 0.03 mg/L. Presented are the case histories, demographics, cause/manner of death, and the postmortem tissue distribution ranges of duloxetine: central blood, not detected (ND)-0.59 mg/L (12 cases); femoral blood, ND-0.26 mg/L (9 cases); vitreous humor, ND-0.23 mg/L (4 cases); liver, 0.28-22 mg/kg (8 cases); gastric contents, 0.08-86 mg total (6 cases); bile, 0.57-3.1 mg/L (7 cases); and urine, 0.07-0.47 mg/L (6 cases). The detection and quantitation of duloxetine in these 12 case studies are considered the first to be reported in the literature; all are designed to aid the forensic toxicologist with the interpretation of his/her own casework.
Introduction
Duloxetine hydrochloride [LY 248686, Cymbalta, (+)-(S)-Nmethyl-y-(1-naphthyloxy)-2-thiophenepropylamine hydrochloride] was issued an approval letter by the U.S. Food and Drug Administration (FDA) in September 2002 for the treatment of major depressive disorder (1) and another in September 2004 for the management of pain associated with diabetic peripheral neuropathy (2) . Duloxetine is also approved in Europe as Yentreve | for the treatment of stress urinary incontinence.
The structure of duloxetine is unrelated to those of tricyclic antidepressants (TeAs) and the monoamine oxidase inhibitors (MAOIs) (3) . Its structure consists of a secondary amine ( Figure 1 ) with a molecular weight of 297 and an empirical formula of Cl8H19NOS (4).
Cymbalta delayed-release capsules contain duloxetine HCI equivalent to 20, 30, and 60 mg duloxetine. Each capsule is comprised of enteric-coated pellets, a unique delivery system designed to prevent degradation of the drug in the acidic environment of the stomach (4). The recommended dosage of duloxetine is 40-60 rag/day for depression, 60 mg/day for neuropathic pain, and 80 mg/day for stress urinary incontinence (4).
Duloxetine's mechanism of action involves the simultaneous inhibition of serotonin and norepinephrine uptake, and there is speculation that this fourth generation selective serotonin and norepinephrine reuptake inhibitor (SSNRI) may be a better antidepressant than selective serotonin reuptake inhibitors (SSRI) (3) . It is reported that duloxetine is a more potent reuptake inhibitor of serotonin than norepinephrine (3) .
Duloxetine is well absorbed after oral administration with peak plasma levels occurring in 6-10 h. Following single oral doses of 20 mg, mean peak plasma concentrations were 0.013 mg/L (4,5). Steady state is generally reached in 3 to 5 days with 20-40 mg twice daily, and after 7 days with 20 mg once daily, plasma levels reached an average 0.021 mg/L (0.015-0.032 rag/L) (3, 6) . According to Sharma et al. (7) , the dose consumed is proportionate to the plasma concentrations, which averaged 0.95 ~g/L/mg (0.38-1.89 lJg/L/mg). Extrapolation of this information, for postmortem interpretation, suggests that Cymbalta daily doses of 60 mg and 120 mg would yield plasma concentrations of 0.057 mg/L (0.023-0.113 rag/L) and 0.114 mg/L (0.046-0.227 rag/L), respectively.
The elimination half-life averages 12 h (8--17 h range), and the pharmacokinetics of duloxetine are dose proportional over the therapeutic range (4). The apparent volume of distribution averages 1940 L (-24 L/kg based on an average person of 80 kg) and is highly (> 90%) protein bound (7) . Both CYP1A2 and CYP2D6 are responsible for duloxetine metabolism as it undergoes extensive metabolism by the liver (oxidation and conjugation) to include 4-hydroxyduloxetine glucuronide and 5-hydroxy,6-methoxyduloxetine sulfate. Excretion of unchanged duloxetine in the urine consists of only a trace amount, < 1% of the dose. Approximately 70% of the dose is eliminated in the urine as metabolites and 20% is excreted in the feces (4).
Common side effects associated with duloxetine therapy include nausea and somnolence, small increases in recumbent systolic and diastolic blood pressure, and a small decrease in heart rate (7). Tolerance to these adverse affects occurred as the duloxetine dosing continued. As with other short half-life SSNRIs, abrupt discontinuation was associated with mild withdrawal effects in association with sleep disturbance (7) . These effects are expected and likely indicate the blocking action of norepinephrine reuptake (7).
Experimental

Materials
Duloxetine was obtained courtesy of Eli Lilly and Company and prepared as a 1.0 g/L stock solution in methanol. With each duloxetine quantitative run, a working stock solution of duloxetine was prepared in methanol at concentrations of 10 and 100 mg/L to supplement drug-flee porcine blood at calibration levels of 0.05, 0.10, 0.25, 0.50, 1.0, and 3.0 mg/L.
Carbinoxamine was obtained from McNeil Laboratories and prepared as a 1.0 g/L stock solution in methanol. From this, a working stock was prepared in methanol at a concentration of 15 mg/L. (Note: Although carbinoxamine is a prescription drug, it is not prevalent in our casework and has been utilized in our laboratory for years.)
All reagents were analytical grade and purchased from various vendors.
The concentration of an analytical standard made from a powder source can be accurately verified with a spectrophotometer by comparing the extinction or molar absorptivity coefficient of a measured drug concentration to values previously established in the literature. The concentration of the carbinoxamine stock solution was verified to be accurately prepared at 1.0 g/L. Duloxetine's coefficient has not been established in the literature and therefore was experimentally determined spectrophotometrically in our laboratory.
Extraction
For all pharmaceutical, basic drug extractions, to 2 mL of standard, blood sample, or tissue homogenate were added 100 IJL of internal standard, (carbinoxamine, 15 rag/L), 2 mL of buffer (20% sodium carbonate), and 6 mL of chlorobutane extraction solvent. After rotation and centrifugation, the organic layer was separated. Two milliliters of 0.10N hydrochloric acid was added to the organic layer, and the mixture was vortex mixed. Following centrifugation and aspiration of the organic layer to waste, the aqueous layer was washed with 4 mL of 2-methylbutane. The organic layer was aspirated to waste. The aqueous layer was made alkaline with 1 mL of 20% sodium carbonate buffer and extracted with 4 mL of 2-methylbutane. The organic layer was evaporated to dryness and the residue was reconstituted with 75 IJL of methanol and transferred to autosampler vials for instrumentation.
Instrumentation
A Hewlett-Packard (HP) model 6890 gas chromatograph (GC) with nitrogen-phosphorus detection (NPD) and 7683 autosampler was utilized for the screening of pharmaceutical basic drugs. Dual column separation was achieved using two capillary columns, equivalent to an HP-5 (15 m • 0.25-mm i.d., 0.25-tam film thickness) and an HP-35 (15 m • 0.32-ram i.d., 0.32-tim film thickness). The oven temperature was programmed at 140~ for 0.50 rain, increased to 300~ at 10~ and held for 13 rain (total analysis time of 30 rain). The injector temperature was 260~ and the detector temperatures were 325~ Unlike many other commonly encountered basic pharmaceutical drugs, duloxetine had a poor response on the GC-NPD; therefore, the initial detection was conducted by other means.
Detection of duloxetine was achieved with an HP 6890 GC equipped with a 5973 mass selective detector (MSD) and 7683 autosampler. The MSD was operated in the electron ionization mode and a full scan mass-to-charge ratio range of 40--450 amu. An HP-5 (15 m • 0.25 mm i.d., 0.25-1am film thickness) capillary column was used. The oven temperature was programmed at 10~ from 140~ to 300~ with a final hold of 4 rain (total analysis time of 20 rain). The injection port and detection port temperatures were 260~ and 325~ respectively.
The method for quantitation of duloxetine by GC-MS analysis was through selective ion monitoring (rn/z 144, 115, 154) using carbinoxamine as the internal standard (m/z 58, 71, 167) and similar detection instrument parameters.
Calibration and validation
Each analytical run consisted of six duloxetine calibrators (0.05, 0.10, 0.25, 0.50, 1.0, and 3.0 mg/L) supplemented into drug-free porcine blood, a blank blood matrix, and case specimens. All specimens were quantitated for duloxetine against the porcine calibration curve. Specimens with duloxetine concentrations greater than 3.0 mg/L were considered out of range and were repeated in another analytical run with an appropriate dilution.
The method's limit of detection was 0.03 mg/L with a consistent linear range from 0.05 to 3.0 mg/L. Calibration curves were calculated by linear regression and had a correlation coefficient (r 2) of 0.998 or better. The percent recovery of duloxetine was determined by comparing the mean peak areas of an extracted quality control (0.25 mg/L, n = 10) with the peak areas of a non-extracted 0.25 mg/L solution (n = 2). The re- covery of duloxetine was approximately 75%. A duloxetine concentration of 0.25 mg/L was extracted in replicates over a twoday period (n = 10) in order to determine inter-and intrarun precision. The coefficient of variation (CV) for interrun precision was 3.75%, whereas the CV for intrarun precision was 3.6%. No interfering peaks were detected in drug-free specimens such as central blood, urine, or liver homogenates.
Case Studies Specimens
The postmortem interval (time between notification of death and autopsy) in 12 cases ranged from 1 to 4 days. All specimens taken during autopsy were at the discretion of the medical examiner. Central blood consisted of either heart blood or jugular vein blood, which was collected and preserved with sodium fluoride. A peripheral blood sample, primarily femoral vein blood, was collected in manufactured gray-top vials containing sodium fluoride and potassium oxalate. All other autopsy specimens, such as vitreous, urine, bile, gastric, and liver, were stored without preservative. Solid tissues were homogenized within their own fluid or at a 1:1 dilution (w/v) with distilled water. All biological specimens were refrigerated at 4~
Histories
The demographics and all positive toxicological findings of the 12 cases are exemplified in Table I .
Results
The maximum absorbance for duloxetine HC1 was determined using a Beckman DU 520 Spectrophotometer to be at a wavelength of 290 nm. At this wavelength, the molar absorptivity coefficient (e) of the drug in aqueous acid (0.1N HC1) was experimentally determined to average 208 mLomg-lcm -1 (203-211, n = 4) based on a 10-mg/mL (or 1%) solution and a path length of 1.0 cm. Or simply stated, at 290 nm, A1 = 208 in aqueous acid solution (Figure 2) .
The mass spectrum of duloxetine ( Figure 3) showed a base peak ofm/z 44 and other significant peaks at m/z 144, 115, 154. Relative elution order to other commonly encountered basic drugs was sertraline, citalopram, duloxetine, diazepam, and paroxetine.
Postmortem specimens from all 12 cases were submitted for toxicological testing. Central blood samples were tested for volatiles by headspace GC-flame-ionization detection (FID), screened for drugs of abuse (cocaine, opiates, methamphetamine, phencyclidine, and barbiturates) by enzyme linked immunosorbent assay (ELISA), and screened for pharmaceutical basic drugs by GC-NPD and GC-MS. The duloxetine was identified in our basic drug screen specifically by GC-MS. The postmortem tissue distribution of duloxetine is represented in Table II .
Discussion
Duloxetine bears structural similarity to fluoxetine and atomoxetine (6), and one would have a reasonable expectation that this drug would be identified likewise. However, contrary to this belief, duloxetine is difficult to detect by NPD. Actual detection limits of the NPD were not pursued; however, a duloxetine response was not observed for a 3.0 mg/L non-extracted standard. Duloxetine extracts similar to other basic pharmaceutical drugs via a basic liquid-liquid extraction; however, detection must be achieved with an MS or with liquid chromatography equipped with either an ultraviolet (UV) or MS detector. The poor NPD response could be attributed to duloxetine's secondary amine functional group, and enhancement could be made through sample derivatization. Because our laboratory's basic drug screen methodology has a level of detection for duloxetine (0.03 mg/L) that is within the estimated clinical therapeutic range (0.021-0.114 mg/L), derivatization was determined to be unnecessary for our laboratory purpose. In addition, it is the authors' belief that the detection method was sufficient for postmortem interpretation. However, if a laboratory is screening pharmaceutical drugs solely by GC-NPD, and/or the level of detection for duloxetine with this method is not adequate for their analytical needs, alternative instrumentation or sample derivatization should be considered.
At the Los Angeles County Department of Coroner, a basic drug screen is not performed in all circumstances of death. Therefore, the presence of duloxetine in only 12 cases over a year and a half of casework may not accurately reflect the prevalence of this drug in our cases. However, it does reflect all cases where basic drugs were suspected of contributing to the cause of death.
The central blood duloxetine concentrations of the 12 cases ranged from not detected (ND) to 0.59 mg/L (n = 12). The associated femoral blood levels ranged from ND to 0.26 mg/L (n = 9). Central-to-femoral blood ratio averaged 1.98 (1.15-3.13, n = 7), suggesting duloxetine exhibits postmortem redistribution. The level of duloxetine measured in the liver averaged 5.1 mg/kg (0.28-22 mg/kg, n = 8), consistent with the large volume of distribution of ~24 L/kg. The liver-to-central blood ratio averaged 16 (3.5-48, n = 8). In the elimination specimens, bile was the main excretion product and averaged 1.4 mg/L (0.57-3.1 mglL, n = 7), whereas the urine averaged 0.22 mg/L (0.07-0.47 rag/L, n = 6). These relative levels were expected as duloxetine is extensively metabolized, and only a trace amount of unchanged drug is excreted in the urine (4,5). An evaluation of the dosing records along with the remaining duloxetine capsules that were collected as medical evidence in 6 of the 12 cases (1-4, 7, and 11) indicate that these individuals were in compliance with their duloxetine prescriptions. This suggests to the authors that the measured blood levels appear to represent postmortem therapeutic values.
Conclusions
Duloxetine is a relatively new drug prescribed for pain management and depression that has recently been encountered in our casework. With duloxetine's poor response on the GC-NPD, detection of the drug must be performed by alternate means. In a period of a year and a half, duloxetine was detected in 12 cases by GC-MS. Based on the toxicology and autopsy findings in these postmortem cases, duloxetine was not implicated as the sole cause of death. Duloxefine has a high volume of distribution and, as expected, exhibits postmortem redistribution.
The tissue distribution of duloxetine in postmortem samples has been provided to aid the forensic toxicologist in the interpretation of their casework. These are the first postmortem duloxetine cases to be reported in the literature, and it is the authors' belief that more data need to be evaluated in order to establish clear postmortem therapeutic levels.
* Not detected.
